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Research on Quality Evaluation Model of Deep Mine Rock Mass Based on Moment Estimation Theory-Partial Order Set
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Abstract:In order to improve the reliability of rock mass quality evaluation in deep mines and overcome the controversial
problem of index weight assignment in traditional evaluation models, five influencing factors were selected, with the help of
moment estimation theory, a reasonable descending sequence of index weight was obtained, and the partial order set was
introduced into rock mass quality classification. A comprehensive evaluation model of rock mass quality in underground mines
based on moment estimation theory-partial order set was proposed. The model was tested with 12 typical rock samples as
sample data and compared with the results of traditional evaluation models. The results show that the evaluation results of the
model are completely consistent with the evaluation results of the matter-element extension model and the unascertained
measure theory, and are completely consistent with the ranking results of the VIKOR model, indicating that it can accurately
realize the rock mass quality classification and has good applicability in the rock mass quality evaluation under complex
geological conditions. Finally, the model was applied to the evaluation of rock mass quality of a copper mine in Anhui Province.
It is determined that marble belong to class [l rock mass. serpentinite and diorite porphyrite belong to class [l rock mass, and
skarn belongs to class [V rock mass, which is consistent with the field investigation. Based on the results of rock mass quality
classification, the support optimization scheme is proposed, and the optimized support scheme can effectively control the
deformation of roadway and ensure the long-term stability of roadway.
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Table 1 Classification criterias and index attributes of rock mass quality
KT B A BRI R L R EREE R R 45 1 THI R AR ltﬂTﬂQ??k% W,/
RQD/ % R./MPa K, Ky (L (min+ 10m) 1)
1 90~<C100 120~<C200 =0.75 =0.80 <5
Il 75~<290 60~<C120 0.45~<20.75 0.60~<20.80 5~<C10
Il 50~<75 30~<C60 0.30~<20.45 0.40~<20.60 10~<25
v 25~<C50 15~<C30 0.20~<20.30 0.20~<20.40 25~<C125
Vv <25 <15 <20.20 <20.20 125~<7300
5 b5 B LR AE Bk A Rak B4 by 4 i AL A B p ek A B LA b

2 HEp#EA

2.1 fEFRMAN

WAk T B h PR T R 0 i
Ty AR X HE P A S B R Y e — R AR
I PR AR, BT — 5 B PR AR F A 5 % LAY
IR DLV X G 48 B 3000 0 MK 30 R A8 IS Bk £ DY XF
GELSUIR L o AE X A0 2 i SR A 5 28 A AT
REAS I L 8 IR B, OB 8 T 1R I X R %W 5k
P o RE S AR BB 5 5 BRAY R P AL . 2 SE Y 21
A WA vk 32 R Lt A S BRUH — fh ik i 3 4
PR L ITAS 28 B0 R o 5 g BB R . AT AR S
IO7FH DA AR R B A B A A A T B e L B T i
2t /M R REGE AN [) A B 5 10 1 4R 8 8 45 B A
25 & AR B 4z

FEAG T B TR Y R — T ¢ b
77 AR BORCE e rp B — A% p P R AL EE

FIEHN wa - FWREE ¢ — p FFHULEE S

EHN w, s A A EEL SRR w, 2T W2
/MU A

miny (k) = a D (w, —we)’ +f 2, (wp —wy)’

»
s=1 o=pt+l1

D, =1,0<w, <1,1<rk<n
k=1

D
e B0 0 EEMALE MM EZ R L0 N
EIER oY i 8
AL T NS IR P E T R AP IRAT .
(D R EE S,

b

E(w,) = %
o (2)
q w(,,{»
E(w,) =
' “;rl q—p

KL EGwy) A E (w,) 05100 £ WALEES
WA,

Q) HEMHMNEER o, MB,.

o E(w,\k)
T E(wa) + E(wa)
(3)
B . E(’CU,,/;)
k 7E("(,U_\»/g) +E<wu/3)
(3) HHHRARAAXT EZE R o FB,
Zak Zak
_ k=1 __ k=l
a . " n
Eak + Zﬁk
ket ) e ) 4)
Zﬁlz Eﬁk
o k=1 _ k=l
F=- . n
Zak + Z;BL
r=1 k=1

(4 FTRHAE TS PR G E w, .

» q
a Zw.\k +ﬁ 2 W o
s=1

o=p+1

Wy

q

n )4 a
PCH IR DILREL
k=1 s=1

o=p+1

(5

nq
22 wWHREER

s 1 £ B8 AN T 20 0 4% 5 ) [ 3R AE 4R A A R

DR BE (R HE Y 06 & L 3 5 3R 9 B AR e R A LA

S G R ACEE Y, AT DL AR W I M SR Ok T 3R A I
4f . HEME XWT.,

EX 1:RK A BEEEE . P HZEEHN—1
TILRAH R WL

(LD AREMEE 2 € AV oPa;

2) AR, WEE 2.y € A, % 2Py H
yPx Mz = y;

) fZahtkE, MIEE 2,v.2 € A, % =Py H
yPz ] xRz,

MFE P AAESER A LT ER WIT KR
FEIEA <" EmEE A LNWIT X RGEFRA
P RRNA, <.



KA LE A TFHEETZE-RAENRFFT LERTSEMRRFRL]]F LR L FFK.2025,45(8). 119

BN 2B E N M = (AL IC,D) ¥4
WWHA, <O MPEPEEMN a, a, # a; = a,,
Wr,=1%a;, <<a;, ®a, Sa,; ZEEHF AT LM,
Wory, =0, HILHERXT r, WA, RRNR=
i D TR RIRIFRE (A, <O MBS R,

RS n DPENFERR X m DX S T2
HEMZE Ao YA E L ) = w, = o = w,
i, a2 A e, S B A B R 4 19 43 B L
B, HA A AR B BN AR S (R R R

D=, =X+ 1=

X1 Xt x tx et o,
X 21 «T2|+l"22 121+~T22+"'+Izu
Lol Xl +Im2 L onl +~r1112 + e TLIW,

(6)
Kb D S BN M X AR R T R
LR VA S S
XTAEEWIFE A, <), £4 0) =
(yEA|lxa=y) MANMTHE A BWTE: £4
Fx)={y€A|lx<y ) HWHMTEAMN L& E
MEAUG) A WMAIE, Hif Uk =
A—0@)—F(), & | O |.| F(x) | #
| UG | 50k 3 NER TR ANE WAFEI T
%/%:

| OCz) |+ F(x) [+ U@) |[=m+1 (D)

R T B m D FERT RS, B T

r €A TEEMFEA, < FWEE hav(z) , 2
R0 .

hav () = D 1O |

| OCx) [+ F(x) |

A hav(a) Fon i 7 56 & B2 BUEBOR  FR TR 4
AT
23 LR

AR SCHESE T TR AR T EE R P S AR A A Y
MR AR B LA PFN AL, G, S H AL
SCERAN S5 T RSP BT RORQDVK K Al
W3t 5 A F B K R W 48 bR 2> bR v s AR
BT HEAE e X 4 BB — AN I Y A bR A R
AT D0 AR 180 AR U DAy 49 A7 %) AR R 5 L ) AR T [
2 ¥ 8] 5 (T80 28 155 PP X0 G o AR B o A 2 B 48 B
3 4 vy st (B B FURE AR 5 15 I X R A A M A
B LT O Fr 4 B8 X0 BT A RE AR R AT bR e AR AL
TR 52 IRAHE [ e OB HE S L T B2 FR AR AR
I BN P, 28 0 B AR 4 1 3 Hasse H [ A2 1l
Hasse [, FLLJ BURE A (8] (9 4% 388 0C 3R L S B FT A7 FF
AR RSy G, B THEAN T B R w F 4R 1Y R
GBI R BT i 2R A DE A R S I AR A 1
Frs o

(8

Dapsk lRERS R | DR |
Do D mEREER P WREARE |

HEMTER

rer RS :
TR R R _+»§§§g-—— A | KSR | WERE

PR TRk 7 AL LR 3
HEmEER | 3 Hasse gggﬁ R E
RN (= B, PO || 0, 2l (] TERN ] prame
o Hasse H ey FRE

GRE | R, W
REAE | RIS,

1 WMTEREYT LEGRESSITMERLILRE

Fig.1 Relization process of comprehensive evaluation model of rock mass quality in undergroud metal mines
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Table 2 Sample data processing results
. JE I B B bR AL
RQD/% R./MPa K, K¢  W/(L+(min+10m) ') RQD R. K, K w

Ay 51.0 40.2 0.38 0.55 10.5 0.490 1 0.303 8 0.370 8 0.555 6 0.963 9
A, 76.0 95.0 0.70 0.55 12.0 0.764 3 0.726 3 0.730 3 0.555 6 0.958 0
As 68.0 90.0 0.57 0.35 18.5 0.676 5 0.687 7 0.584 3 0.333 3 0.932 5
Ay 30.2 8.4 0.18 0.18 50.0 0.262 1 0.058 6 0.146 1 0.144 4 0.808 8
As 43.8 26.3 0.28 0.35 50.6 0.411 2 0.196 6 0.258 4 0.333 3 0.806 4
Ag 97.5 180.0 0.94 0.95 1.3 1.000 0 1.381 6 1.000 0 1.000 0 1.000 0
Az 78.0 130.5 0.75 0.50 10.0 0.786 2 1.000 0 0.786 5 0.500 0 0.965 8
Ag 86.3 105.0 0.68 0.75 6.3 0.877 2 0.803 4 0.707 9 0.777 8 0.980 4
Ay 6.3 0.8 0.05 0.05 256.0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
Ao 52.5 28.6 0.38 0.16 23.0 0.506 6 0.214 3 0.370 8 0.122 2 0.914 8
A 31.3 18.8 0.23 0.25 100.0 0.274 1 0.138 8 0.202 2 0.222 2 0.612 5
Aqy 56.3 37.5 0.34 0.45 21.3 0.548 2 0.283 0 0.325 8 0.444 4 0.921 5
B 90.0 120.0 0.75 0.80 5.0 0.917 8 0.919 0 0.786 5 0.833 3 0.985 5
B 75.0 60.0 0.45 0.60 10.0 0.753 3 0.456 4 0.449 4 0.611 1 0.965 8
Bs 50.0 30.0 0.30 0.40 25.0 0.479 2 0.225 1 0.280 9 0.388 9 0.906 9
By 25.0 15.0 0.20 0.20 125.0 0.205 0 0.109 5 0.168 5 0.166 7 0.514 3
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Table 3 Results of indicator weights under different weighting modes
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HAELE RS BIALE 0.200 0.200 0.133 0.200 0.267
CRITIC 3 % WA E 0.142 0.156 0.157 0.161 0.384
SE AL T RS Zi A AU E 0.197 0.195 0.174 0.192 0.242

oy 2 5 4 1

33 ETREFSEMNTHERE
3.3.1 MR i e AR [

HIZ 3 Al 5 A PE A 45 AR AU [ I 1 81 N
W>R.>RQD>K >K,. MH#a6), 455 A AR
HEAL AR BRSSO A v A K030 i IR SO 9 I 300 HE

J o A6 25 48 AR A AR S R e A AR B L O AR
SR, 580K 4,
3.3.2  #37 Hasse JHFF

XF BN MR AT AR, #E L L RAEFE R =
P dsemo FARGERILE S,



KA LE A TFHEETZE-RAENRFFT LERTSEMRRFRL]]F LR L FFK.2025,45(8). 121

T4 HERYEEHORMEE

Table 4 Accumulated data of sample data

FEA w R. RQD K¢ K,

Ay 0.963 9 1.267 7 1.757 8 2.313 3 2.684 1
A, 0.958 0 1.684 3 2.448 5 3.004 1 3.734 4
As 0.932 5 1.620 2 2.296 7 2.630 1 3.214 3
A, 0.808 8 0.867 4 1.129 5 1.273 9 1.420 0
As 0.806 4 1.003 0 1.414 2 1.747 6 2.006 0
Ag 1.000 0 2.381 6 3.381 6 4.381 6 5.381 6
A; 0.965 8 1.965 8 2.752 0 3.252 0 4.038 5
Asg 0.980 4 1.783 8 2.661 0 3.438 7 4.146 6
Ay 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
Aqo 0.914 8 1.129 1 1.635 7 1.757 9 2.128 7
A 0.612 5 0.751 3 1.025 4 1.247 6 1.449 9
Al 0.921 5 1.204 4 1.752 7 2.197 1 2.523 0
B, 0.985 5 1.904 5 2.822 3 3.655 6 4.442 1
B. 0.965 8 1.422 3 2.175 6 2.786 7 3.236 1
Bs 0.906 9 1.132 11 1.611 3 2.000 1 2.281 0
B, 0.514 3 0.623 8 0.828 9 0.995 5 1.164 1
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Table 5 Comparison matrix of sample data

FEAS A4 A, Az A, As Ag Az Ag Ay A1 Ay Aqs B, B, B; B,
A 1 0 0 1 1 0 0 0 1 1 1 1 0 0 1 1
A, 0 1 1 1 1 0 0 0 1 1 1 1 0 0 1 1
As 0 0 1 1 1 0 0 0 1 1 1 1 0 0 1 1
Ay 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1
Aj 0 0 0 0 1 0 0 0 1 0 1 0 0 0 0 1
Ag 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
A; 1 1 1 1 1 0 1 0 1 1 1 1 0 1 1 1
Ag 1 1 1 1 1 0 0 1 1 1 1 1 0 1 1 1
Ay 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Al 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
An 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1
Ais 0 0 0 1 1 0 0 0 1 1 1 1 0 0 1 1
B 1 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1
B, 1 0 0 1 1 0 0 0 1 1 1 1 0 1 1 1
B; 0 0 0 1 1 0 0 0 1 0 1 0 0 0 1 1
B, 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1
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HORR B i A R B R s i 1 A O ik A Hy o Hasse JiFF R N ILHOC R A E 5
B LU A S [ B4 O Hasse JH B, 31 22 ] Hasse A, PLHRFE 5« A JRIB AT

Je I E A R Y AE B . Hoh, Hasse 5 M % e A8 (11, 75 Hasse %04, B AR SE R 0L %
XK. 6. Ak Hasse WA 2 iR,



122 F kB RL5 A 2025,45(8)
F 6 TEXRHIEH Hasse 55
Table 6 Hasse matrix of sample data
FEAS A, A, A Ay As Ag As Ag Ay Ay Al Ay B B B; By
A, 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
A, 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
As 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
As 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
As 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0
Az 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Ag 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0
Ay 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Ay 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
A 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Ay 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0
B, 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
B, 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B; 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0
B, 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
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Fig.2 Hasse diagram of sample data
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Table 7 Linear sorting results

N S I 2 LAY

& |F@] 0@ HSE;%S\ hav(@) 3 TOPSIS VIKOR
FEA A 6 9 2 10.200 7 7 7
FEAR A, 5 10 2 11.333 5 4 5
FEAR A 6 9 2 10.200 8 8 8
FEAR A, 11 3 3 3.643 12 15 12
BA A 11 4 2 4.533 11 11 11
FEAR As 1 16 0 16.000 1 1 1
FEA Aq 2 13 2 14,733 3 5 3
FEA Ag 3 13 1 13.813 4 3 4
B4R Ay 15 1 1 1.063 16 16 16
FEAR A 10 1 6 1.545 15 14 15
FEA AL 12 3 2 3.400 13 12 13
FEAR Az 9 8 0 8.000 9 9 9
KA B, 2 14 1 14.875 2 2 2
A B, 5 10 2 11.333 6 6 6
BEA By 10 6 1 6.375 10 10 10
FEAR B, 14 2 1 2.125 14 13 14
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AL 3 5 2 L PRUE T &5 2R 5 B AT 52 5 9 1 48 B L
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Table 8 Comparison of rock mass quality grade

evaluation results of sample data
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Table 9 Standardized processing results of evaluated objects

T

X% R. RQD K. K w
Py 0.289 1 0.694 4 0.403 2 0.640 6 0.575 8
P 0.335 9 0.888 9 0.741 9 0.906 3 0.681 8
P3 0.171 9 0.208 3 0.225 8 0.234 4 0.982 6
P, 1.000 0 0.000 0 0.000 0 0.000 0 0.000 0
By 0.820 3 1.000 0 1.000 0 1.000 0 1.000 0
B 0.351 6 0.791 7 0.516 1 0.687 5 0.962 1
Bs 0.117 2 0.444 4 0.274 2 0.375 0 0.848 5
By 0.000 0 0.097 2 0.112 9 0.062 5 0.090 9

4 PR AR Y Hasse BRIANIE 3 fron. B 3
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Fig.3 Hasse diagram of evaluated objects
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Table 10 Comparison of evaluation results of

evaluated objects
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